






















































































































































































































































































































KNOWN TO BE A HUMAN CARCINOGEN NINTH REPORT ON CARCINOGENS

ETHYLENE OXIDE
CAS No. 75-21-8

First Listed in the Fourth Annual Report on Carcinogens as Reasonably Anticipated to be a
Human Carcinogen updated to Known to be a Human Carcinogen in the

Ninth Report on Carcinogens

CARCINOGENICITY

Ethylene oxide is known to be a human carcinogen based on sufficient evidence of
carcinogenicity from studies in humans, involving a combination of epidemiological and
mechanistic investigations which indicate a causal relationship between exposure to ethylene
oxide and human cancer.

Ethylene oxide is a direct-acting alkylating agent that has been used as a starting material
in the production of other chemicals, and as a disinfectant and sterilant.  The DNA damaging
activity of ethylene oxide provides its effectiveness as a sterilant, and it is this same property that
accounts for its carcinogenic risk to humans.  Epidemiological evidence demonstrating this risk
has come from studies of workers using ethylene oxide as a sterilant for medical devices and
spices, and in chemical synthesis and production.  Evidence for a common mechanism of
carcinogenesis in humans and experimental animals comes from studies that have demonstrated
similar genetic damage in cells of exposed animals and workers.

In 1985, ethylene oxide was first listed in the Fourth Report on Carcinogens as
“reasonably anticipated to be a human carcinogen” based on limited evidence of its
carcinogenicity in humans and sufficient evidence in experimental animals.  Several
epidemiological studies, some of which were reviewed in support of the 1985 listing of ethylene
oxide as a reasonably anticipated human carcinogen, reported an association between exposure
to ethylene oxide and increased leukemia and stomach cancer risk (Hogstedt et al., 1979, 1986;
Hogstedt, 1988); however, other studies found no significant excesses in cancer risk (Morgan et
al., 1981; Kiesselbach et al., 1990; Teta et al., 1993; Steenland et al., 1991; Hagmar et al., 1991;
Bisanti et al., 1993).  In most studies, information about the extent of actual ethylene oxide
exposure was limited.  The most frequently reported association in exposed workers has been for
lymphatic and hematopoietic cancer.  A meta-analysis of 10 distinct cohort studies of workers
exposed to ethylene oxide found no association between exposure to ethylene oxide and
increased risk of pancreatic or brain cancers.  There was a suggestive risk for non-Hodgkin’s
lymphoma and for stomach cancer (Shore et al., 1993).

The largest study of U.S. workers exposed to ethylene oxide at plants producing sterilized
medical supplies and spices (Steenland et al., 1991) found no increase in mortality from any
cause of death; however, an increase in mortality from all hematopoietic neoplasms,
concentrated in the subcategories lymphosarcoma, reticulosarcoma, and non-Hodgkin’s
lymphoma, was observed among males.  An analysis of the exposure-response data from the
study by Steenland et al. (1991) found a positive trend in risk with increasing cumulative
exposure to ethylene oxide and mortality from lymphatic and hematopoietic neoplasms.  This
trend was strengthened when analysis was restricted to neoplasms of lymphoid cell origin
(lymphocytic leukemia and non-Hodgkin’s lymphoma combined).  The relationship between
cumulative exposure to ethylene oxide and leukemia was positive, but nonsignificant (Stayner et
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al., 1993).

In the study by Teta et al. (1993), leukemia risk was increased in workers exposed for
more than 10 years to ethylene oxide.  A more recent study found an increased incidence of
breast cancer in a cohort of workers who used ethylene oxide as a sterilant (Norman et al., 1995).
The occupational groups most studied are workers who use ethylene oxide as a sterilant and
those who work in the production of ethylene oxide and its derivatives.  The likelihood of
confounding occupational exposures to other chemicals is generally lower in sterilization
workers than in chemical synthesis and production workers.

The evidence that ethylene oxide is a human carcinogen is supported by experimental
studies in laboratory animals that have demonstrated that ethylene oxide is carcinogenic at
multiple organ sites in rats and mice, likely due to its direct alkylating activity.  Sites of tumor
induction in mice included the hematopoietic system, lung, Harderian gland, mammary gland,
and uterus (NTP 326, 1987).  Sites of tumor induction in rats included the hematopoietic system,
brain, and mesothelium (Snellings et al., 1984; Garman et al., 1985; Lynch et al., 1984).  An
IARC (V.60, 1994) evaluation noted that ethylene oxide is associated with malignancies of the
lymphatic and hematopoietic system in both humans and experimental animals, and concluded
that ethylene oxide was carcinogenic to humans.  No additional cancer studies of ethylene oxide
in experimental animals have been reported since the IARC (V.60, 1994) review.

ADDITIONAL INFORMATION RELEVANT TO CARCINOGENESIS OR POSSIBLE
MECHANISMS OF CARCINOGENESIS

Ethylene oxide is a direct-acting alkylating agent that forms adducts with biological
macromolecules including hemoglobin and DNA.  Measurements of hemoglobin adducts
(hydroxyethyl histidine and hydroxyethyl valine) have been used to monitor worker exposure to
ethylene oxide.  IARC (V.60, 1994) noted that ethylene oxide induces a dose-related increase in
the frequency of hemoglobin adducts in exposed humans and rodents.

The major DNA adduct of ethylene oxide is N7-(2-hydroxyethyl)guanine.  Dose-related
increases in this adduct, as well as smaller amounts of O6-(2-hydroxyethyl)guanine and N3-(2-
hydroxyethyl)adenine, have been measured in rodents exposed to ethylene oxide.  Background
levels of hemoglobin and DNA adducts of ethylene oxide in humans and experimental animals
have been suggested to arise from endogenous production of ethene (ethylene) by gut flora or
metabolism of unsaturated dietary lipids (Tornqvist, 1996).

Ethylene oxide is genotoxic at all phylogenetic levels, including prokaryotic and lower
eukaryotic organisms, as well as in vitro and in vivo mammalian systems.  Ethylene oxide
induces gene mutations and heritable translocations in germ cells of exposed rodents.  Significant
dose-related increases in the frequency of chromosomal aberrations and sister chromatid
exchanges in peripheral lymphocytes (Galloway et al., 1986; Lerda and Rizzi, 1992; Tates et al.,
1991; Yager et al., 1983; Sarto et al., 1984; Stolley et al., 1984; Mayer et al., 1991; Schulte et al.,
1992; ; Schulte et al., 1995; Major et al., 1996), of micronuclei in erythrocytes (Tates et al.,
1991; Högstedt et al., 1983; ; Schulte et al., 1995), of DNA single-strand breaks in peripheral
mononuclear blood cells (Fuchs et al., 1994; Oesch et al., 1995), and of hprt mutations in
peripheral lymphocytes (Tates et al., 1991) have been observed in workers occupationally
exposed to ethylene oxide.  Similar genotoxic effects have been observed in rodents exposed to
ethylene oxide.  For direct-acting mutagenic chemicals, increases in chromosome aberration
frequency appear to be a good predictor of increased human cancer risk.  Thus, all measurable
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genotoxic endpoints that are considered to be indicators of chemical carcinogenesis have been
observed in both humans and experimental animals exposed to ethylene oxide.

PROPERTIES

Ethylene oxide (molecular weight, 44.06) is a colorless gas at room temperature and
normal pressure, but is a liquid at or below 12 oC (Budavari, 1996).  The liquid has a
characteristic ether-like odor (Hoechst Celanese Polyester Intermediates et al., 1995). Ethylene
oxide is completely miscible with water, ethanol, acetone, benzene, diethyl ether, and most
organic solvents.  It is relatively stable in aqueous solutions or when diluted with carbon dioxide
or halocarbons, but it may undergo slow polymerization during storage.  Ethylene oxide is highly
reactive and potentially explosive when heated or in the presence of alkali metal hydroxides and
highly active catalytic surfaces.  Incomplete combustion releases carbon monoxide.  It reacts
readily with acids resulting in ring opening.  Vapors may be flammable or explosive if there is
inadequate heat dissipation (IARC V.60, 1994).

Ethylene oxide is available commercially in the United States as a high-purity chemical
that contains a maximum of 0.03% water, 0.003% aldehydes as acetaldehyde, and 0.002%
acidity as acetic acid.  It has been sold as a mixture with either carbon dioxide or fluorocarbon 12
to reduce its fire hazard (HSDB, 1998).  Because of the potential hazards of shipping bulk
quantities of ethylene oxide, some producers have reportedly limited shipments to areas
immediately proximate or within 50 miles of the producing point (Chem. Prod., 1988).

USE

The primary use of ethylene oxide is as an intermediate in the production of several
industrial chemicals, most notably ethylene glycol.  In 1986, 59% of the ethylene oxide produced
was used to manufacture ethylene glycol.  By 1995, the demand for ethylene oxide in ethylene
glycol and polyester production was approximately half and half (Chem. Mark. Rep., 1995).
Ethylene glycol is used primarily in automotive antifreeze and polyester is used in fibers, films,
and bottles.  Ethylene oxide was also used to produce nonionic surfactants (14%) in household
and industrial detergents, ethanolamines (8%), glycol ethers (6%) used as solvents,
intermediates, and for other purposes, diethylene glycol (6%), and triethylene glycol (2%)
(Chem. Mark. Rep., 1987b).  Less than 1 to 2% of the industrial production of ethylene oxide is
used as a fumigant and sterilizing agent for a variety of purposes and materials, including
hospital equipment and foods (NIOSH, 1976; ATSDR, 1990-H005).  By the mid-1990s, ethylene
oxide use for sterilization in hospitals was being replaced by other systems (Biomed. Mark.
Newslett., 1995).  The estimated 8 to 9 million lb used for sterilization and fumigation in 1996
represented about 0.1% of the total demand for ethylene oxide (SRIc, 1997c).

At one time, it was used in the production of acrylonitrile, but the process ended in 1966
(ATSDR, 1990-H005).  Ethylene oxide has also been to accelerate the maturing of tobacco
leaves.  It has been investigated for use as an agent to improve wood durability (CHIP, 1982b;
IARC V.11, 1976).

Other uses include ethoxylation products of long-chain alcohols and amines, alkyl
phenols, cellulose, starch, poly(propylene glycol), and ethylene carbonate.  Used directly in the
gaseous form or in nonexplosive gaseous mixtures with nitrogen, carbon dioxide, or
dichlorofluoromethane, ethylene oxide can serve as a disinfectant, fumigant, sterilizing agent,
and insecticide.  As a fumigant, ethylene oxide kills pests and microorganisms in spices and
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seasonings, furs, furniture, nuts, tobacco, books, drugs, leather, motor oil, paper, soil, animal
bedding, clothing, and transport vehicles.  As a sterilizing agent, it purifies cocoa, flour, dried
egg powder, coconut, fruits, dehydrated vegetables, cosmetics, and dental, medical, and scientific
supplies (IARC V.60, 1994).

PRODUCTION

Ethylene oxide has been ranked among the top 50 largest volume chemicals produced in
the United States for the past several years by Chemical and Engineering News.  U.S. production
from 1985 to 1997 ranged between 5.4 and 8.2 billion lb (Chem. Eng. News, 1996, 1998;
USITC, 1985-1987, 1989, 1990).  U.S. production from 1977 to 1984 ranged from 4.4 to 5.7
billion lb (USITC, 1978-1985).  In the period 1985 to 1989, imports ranged from 12 to 33.6
million lb (average 26 million lb) and exports ranged from 12.1 to 62.5 million lb (average 31
million lb) (USDOC Imports, 1986, 1990; USDOC Exports, 1988, 1990; Chem. Prod., 1988).
Compared to annual U.S. production, imports and exports are negligible (< 1%) (HSDB, 1997).

The 1979 TSCA Inventory identified 18 manufacturers producing 3.4 billion lb of
ethylene oxide in 1977.  The 1997 Directory of Chemical Producers identified 11 companies
producing ethylene oxide at 13 plants (SRIa, 1997).

The current process for production of ethylene oxide is the direct vapor phase oxidation
process (Hoechst Celanese Polyester Intermediates et al., 1995).  The process oxidizes ethylene
with air or oxygen in the presence of a silver catalyst at 10-30 atm (1-3 MPa) and 200-300 ΕC to
give ethylene oxide (IARC V.60, 1994).

The chlorohydrin process used to be the primary process for ethylene oxide production.
In this process, ethylene chlorohydrin is prepared by treating ethylene with hypochlorous acid
(chlorine in water), which is then converted to ethylene oxide by reaction with calcium oxide.
The chlorohydrin process has been phased out since 1931 and is not used on an industrial scale
in the United States because of its inefficiency (IARC V.60, 1994).

EXPOSURE

The primary routes of potential human exposure to ethylene oxide are inhalation,
ingestion, and dermal contact.  A risk of potential occupational exposure exists for workers
involved in ethylene oxide production, in the manufacture of its end products, or in the use of
these compounds in occupational settings (ATSDR, 1990-H005).  Because ethylene oxide is
highly explosive and reactive, the process equipment containing it generally consists of tightly
closed and highly automated systems, which decreases the risk of occupational exposure (NCI
DCE, 1985h).  Workers in the synthetic organic chemicals manufacturing industry using
ethylene oxide are required to wear respirators when air concentrations exceed the PEL.
Personnel in workplaces with up to 50 ppm ethylene oxide in the air should wear full facepiece
respirators with an ethylene oxide-approved canister (Ludwig, 1994).

Ethylene oxide forms DNA and hemoglobin adducts.  These adducts have been used to
monitor human exposure to ethylene oxide.

Industries that may use only a small portion of the total ethylene oxide produced are
responsible for high occupational exposures to many workers.  The National Occupational
Hazard Survey, conducted by NIOSH from 1972 to 1974, estimated that 107,450 workers in 74
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job categories were potentially exposed to ethylene oxide in the workplace.  This estimate was
based on observations of the actual use of the compound and tradename products known to
contain the compound (NIOSH, 1976).  NIOSH estimated that approximately 75,000 health care
workers employed in sterilization areas in the period 1972-1974 were potentially exposed to
ethylene oxide, and that an additional 25,000 health care workers may have been exposed due to
improper engineering and administrative controls (NIOSH 35, 1981).  NIOSH conducted a
limited field survey of hospitals and found that ethylene oxide concentrations near
malfunctioning or improperly designed equipment may reach transitory levels of hundreds or
even a few thousand parts per million, but time-weighted average (TWA) ambient and breathing
zone concentrations were generally below the OSHA standard of 50 ppm (CHIP, 1982b).

In a separate survey, OSHA estimated that in 1983, 80,000 U.S. health care workers were
directly exposed to ethylene oxide, and 144,000 medical device and related industry workers
were incidentally exposed (NCI DCE, 1985h; IARC V.36, 1985).  More recently, OSHA
estimated that as many as 100,000 health care technicians may be exposed to ethylene oxide in
the workplace.  Health care technicians are typically exposed to quick, concentrated bursts of the
gas when the door of a sterilizing machine is opened (Science, 1986).  The National
Occupational Exposure Survey (1981-1983) estimated that 107,450 workers, including 1,990
women, potentially were exposed to ethylene oxide (NIOSH, 1990).  This estimate was derived
from observations of the actual use of the compound (98% of total observations) and the use of
the tradename products known to contain the compound (2% of total observations).  A small
population of workers may potentially be exposed to ethylene oxide during the fumigation of
spices.  OSHA estimated that 160 workers were directly exposed to the gas during spice
manufacture (NCI DCE, 1985h).

Industrial workers may be exposed to ethylene oxide during sterilization of a variety of
products, such as medical equipment and products (surgical products, single-use medical
devices, etc.), disposable health care products, pharmaceutical and veterinary products, spices,
and animal feed.  Although much smaller amounts of ethylene oxide are used in sterilizing
medical instruments and supplies in hospitals and for the fumigation of spices, it is during these
uses that the highest occupational exposure levels have been measured (IARC V.60, 1994).
Measurements of worker exposure levels in U.S. hospitals, summarized below, showed a range
of exposure concentrations (0-794 ppm), depending on operation, conditions, and duration of
sampling.

In hospitals, ethylene oxide is used as a gaseous sterilant for heat-sensitive medical items,
surgical instruments, and other objects and fluids coming in contact with biological tissues.
Large sterilizers can be found in central supply areas of most hospitals and small sterilizers are
used in clinics, operating rooms, tissue banks, and research facilities.  Worker exposure may
occur during the following operations and conditions: changing pressurized ethylene oxide gas
cylinders; leaking valves, fittings, and piping; leaking sterilizer door gaskets; opening of the
sterilizer door at the end of a cycle; improper ventilation at the sterilizer door; improperly or
unventilated air gap between the discharge line and the sewer drain; removal of items from the
sterilizer and transfer of the sterilized load to an aerator; improper ventilation of aerators and
aeration areas; incomplete aeration of items; inadequate general room ventilation; and passing
near sterilizers and aerators during operation (IARC V.60, 1994).

Exposure mostly results from peak emissions during operations such as opening the door
of the sterilizer and unloading and transferring sterilized material.  Short-term (2-30 min)
exposure concentrations from below the level of detection to 186 mg/m3 (103 ppm) were
measured in personal samples from hospital sterilizer operators in studies conducted by NIOSH
during 1977-1990.  With the proper use of engineering controls and work practices, exposure



Ethylene Oxide (Continued)

KNOWN TO BE A HUMAN CARCINOGEN NINTH REPORT ON CARCINOGENS

levels can be very low (full shift exposure, < 0.1 ppm; short-term exposure, < 2 ppm).  However,
the use of personal protective equipment in U.S. hospitals was generally limited to wearing
gloves, with no use of respirators, when workers were transferring sterilized items (IARC V.60,
1994).

A recent study of hazardous materials incidents in Massachusetts found that most
accidental releases at hospitals involved ethylene oxide (Kales et al., 1997).  Detailed exposure
data, including personal and area monitoring, were obtained for employees of Massachusetts
hospitals during 1990-1992 (LaMontagne and Kelsey, 1997).  During this period, 23% of
hospitals exceeded the OSHA action level (0.5 ppm) at least once, 24% exceeded the short-term
exposure limit (STEL = 5 ppm), and 33% reported accidental exposures to ethylene oxide in the
absence of personal monitoring.

A study in a large tertiary-care hospital demonstrated that standard industrial hygiene
practices can result in nearly “zero exposure” without personal protective equipment or
prohibitive costs (Elias et al., 1993).  Instantaneous measurements showed a reduction of peak
levels from 500 ppm to 0-2.8 ppm from use of engineering and administrative controls.

Ethylene oxide was used as a reaction chemical to modify starch in the starch processing
area of an industrial U.S. wastewater treatment plant.  Exposures (personal breathing zone
concentrations) for full shift operators ranged from undetectable to 0.43 mg/m3 (0.24 ppm) and
from undetectable to 2.5 mg/m3 (1.4 ppm) for full shift mechanics. IARC (V.60, 1994) reviewed
a number of studies of exposure at production facilities.  Exposure data were collected in 1987
from 11 ethylene oxide production units in the United States.  The highest mean 8-hr TWA was
2.9 mg/m3 (1.6 ppm) with a range of 0.36 to 6.8 mg/m3 (0.20 to 3.8 ppm); short-term mean
exposure levels for maintenance workers were as high as 19.6 mg/m3 (10.9 ppm).  Respirators
were used in operations where engineering controls were not feasible.  The manufacture of
ethylene oxide usually entails exposure to a variety of other chemicals, e.g., unsaturated aliphatic
hydrocarbons, other epoxides, and chlorinated aliphatic hydrocarbons (IARC V.60, 1994).

Workers employed in a Brazilian industry using ethylene oxide as an intermediate were
biologically monitored for exposure to ethylene oxide (Ribeiro et al., 1994).  Ambient air
measurements in the general area, made during a 3-month sampling period, indicated that
workers were exposed to 2-5 ppm TWA for an 8-hour working day.  Blood samples were taken
from 75 workers and 22 controls (no occupational exposure to ethylene oxide) matched for sex,
age, and smoking habits.  Cytogenetic methods and analyses showed significant increases in
chromosomal aberrations, micronuclei in binucleated lymphocytes, and hemoglobin adducts
(HOEtVal) in the exposed group.  However, the frequencies of micronucleated cells in buccal
mucosa were not significantly different between the exposed and control groups.

In 1985, U.S. emissions of ethylene oxide in air were approximately 5,000 Mg (metric
tons) per year.  The following lists percentages of total air emissions by use:  sterilization and
fumigation sites, 57%; production and captive use, 31%; medical facilities, 8%; and
ethoxylation, 4% (IARC V.60, 1994).

One entry route into the environment for ethylene oxide is as fugitive emissions lost
during production, or as vented gases (ATSDR, 1990-H005).  Fugitive emissions amounted to
some 1.28 million lb in 1978.  No information was available to indicate loss with solid waste.
There is an estimated emission of 142,600 lb during storage.  All ethylene oxide used as a
fumigant (up to 10 million lb) is released into the environment.  The EOIC estimated that about 3
million lb of ethylene oxide are released into the air each year.  Additional sources of ethylene
oxide in the environment include inadvertent production from combustion of hydrocarbon fuels
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(estimated to be millions of pounds annually), cigarette smoke (from ethylene oxide-fumigated
tobacco), ethylene oxide degradation products of certain bacteria, photochemical smog, and
water disinfection (the latter source only minimal).  It has been estimated that about 3 million lb
per year were lost to the air and that about 800,000 lb per year were lost to water, representing
0.07% of the 1980 production.  Most producers reported that water containing ethylene oxide is
treated at a biopond before being discharged from the plant.  Several producers stated that steps
are underway to reduce the water-ethylene oxide discharges from the ethylene oxide plants to the
waste treatment areas, so this number should decrease significantly in the near future.  Those
producers who have monitored ethylene oxide at the fence line reported nondetectable amounts
in the water analyzed.  Five ethoxylation companies reported that a total of 4,000 lb per year was
lost to the air, while none was lost to water (CHIP, 1982b).

Significant gaseous releases of ethylene oxide to the environment are the result of
uncontrolled industrial emissions (ATSDR, 1990-H005).  These occur during the loading or
unloading of transport tanks, product sampling procedures, and equipment maintenance and
repair (CHIP, 1982b).  Ethylene oxide emissions from commercial sterilization facilities in the
United States were estimated from data in a 1985 survey of medical equipment suppliers,
information provided to EPA (1986, 1988, 1989), and engineering judgment (USEPA, 1993).
Emissions ranged from 520 to 20,000 kg per year per unit, depending upon chamber volume,
number of facilities, and amount of ethylene oxide used.  Emissions expected from mobile
beehive fumigator units were not included in the estimation.  The Toxic Chemical Release
Inventory (EPA) listed 197 industrial facilities that produced, processed, or otherwise used
ethylene oxide in 1988 (TRI88, 1990).  In compliance with the Community Right-to-Know
Program, the facilities reported releases of ethylene oxide to the environment which were
estimated to total 4.7 million lb.  By 1995, the total release to air was lower, 839,229 lb (157
facilities releasing at least 10 lb) (TRI95, 1997).  The USEPA (1994) estimated that its final air
toxics rule for controlling ethylene oxide emissions from commercial sterilization and
fumigation operations would reduce ethylene oxide atmospheric emissions by 2 million lb
annually from an estimated 114 sources.

The risk of potential consumer exposure to ethylene oxide occurs mainly through the use
of products which have been sterilized with the compound.  These include medical products;
articles in libraries, museums, and research laboratories; beekeeping equipment; certain foods
and dairy products; cosmetics; transportation vehicles; and articles of clothing (NIOSH 35,
1981).  EPA reported that small amounts of ethylene oxide, used as a fumigant, were found in
some food commodities, such as cocoa, flour, dried fruits and vegetables, and fish. Other
sources, however, list ethylene oxide as a fumigant for only three foods: spices, black walnuts,
and copra.  Residual ethylene oxide may also be found in foods temporarily following
fumigation.  It may react with water and inorganic halides (Cl- and Br-) from foods, producing
glycols and halohydrins.  Researchers concluded that the persistence or disappearance of
ethylene oxide and its by-products in fumigated commodities depends on the grain size, type of
food aeration procedures, temperature, and storage and cooking conditions.  Most fumigated
commodities had levels of ethylene oxide below 1 ppm after 14 days in normal storage
conditions (ATSDR, 1990-H005).  Ethylene oxide residues were detected in the following food
products sampled from Danish retail shops:  herbs and spices (14-580 mg/kg), dairy (0.06-4.2
mg/kg), pickled fish (0.08-2.0 mg/kg), meat products (0.05-20 mg/kg), cocoa products (0.06-
0.98 mg/kg), and black and herb teas (3-5 mg/kg; one sample contained 1,800 mg/kg).  No
ethylene oxide residue was detected in a follow-up study of 59 honey samples (IARC, V.60,
1994).
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REGULATIONS

EPA regulates ethylene oxide under the Clean Air Act (CAA), Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA), Resource Conservation and Recovery Act (RCRA),
Superfund Amendments and Reauthorization Act (SARA), and Toxic Substances Control Act
(TSCA).  Under CAA, ethylene oxide has been designated a hazardous air pollutant and potential
human health hazard.  Under CERCLA, a reportable quantity (RQ) of 10 lb has been established.
It is regulated as a hazardous constituent of waste under RCRA.  EPA subjects the compound to
reporting requirements under SARA and TSCA.  A Rebuttable Presumption Against Registration
(RPAR) for ethylene oxide has been issued under FIFRA.  EPA has changed labeling
requirements for pesticide products containing ethylene oxide that are used for sterilization
purposes.  These changes will require modifications in workplace design and practice in
hospitals and health care facilities.

Emission standards for ethylene oxide from commercial sterilizers/fumigators were
implemented in 1994 (USEPA, 1994).  Existing and new sources that use one to 10 tons must
achieve a 99% emission reduction in the sterilization chamber vent, but no controls are required
for the aeration room vent or chamber exhaust vent.  Operations that use over 10 tons must
reduce emissions in the sterilization chamber vent, the aeration room vent, and the chamber
exhaust vent.  Facilities that use less than one ton have no controls, but must meet recordkeeping
requirements.

The deadline for compliance with these emission standards was December 8, 1997
(USEPA, 1996).  Sources which use one ton, but are not major or located at major sources, may
be deferred by the applicable Title V permitting authority from the Title V permitting
requirements for five years until December 9, 1999.  However, due to explosions of several
ethylene oxide commercial sterilization and fumigation facilities, which may be attributable to
emission scrubbers, this compliance was deferred for one year, until December 8, 1998 (62 FR
64736, July 1998).

FDA regulates ethylene oxide as a food additive under the Food, Drug, and Cosmetic Act
(FD&CA), and finds that it is the common practice in the drug industry to contract out the
performance of ethylene oxide sterilization.  FDA allows denture adhesives to be composed of
an ethylene oxide homopolymer, alone or with carboxymethyl cellulose sodium or karaya.
Tolerances for residues of ethylene oxide on agricultural commodities have also been established
under FD&CA; however, FDA is re-evaluating its established regulations governing ethylene
oxide residues, in light of recent toxicity data and information concerning the formation of 1,4-
dioxane.

Ethylene oxide was the subject of a Special Hazard Review performed by NIOSH, which
has recommended an exposure limit of 0.1 ppm (0.18 mg/m3) as an 8-hr TWA and 5 ppm (9
mg/m3) ceiling concentration (10-minute).  OSHA lowered the permissible exposure limit (PEL)
from 50 ppm to 1 ppm as an 8-hr TWA in 1984 and established an STEL of 5 ppm during a 15-
minute period in 1988.  OSHA regulates ethylene oxide under the Hazard Communication
Standard and as a chemical hazard in laboratories.  Regulations summarized in Volume II, Table
A-18.
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